Protein expression can be modulated by controlling the initiation, elongation, or efficiency of translation. In this Molecular Biology Select, we first discuss two studies reporting how changes in a gene's coding sequence that do not alter the corresponding amino acid sequence nevertheless influence protein expression by altering translation efficiency. Fresh insights also come from microRNAs that repress gene expression after the initiation of translation and from the structures of two viral internal ribosomal entry sites that function in translation initiation.
Polypeptides Lost in Translation
MicroRNAs (miRNAs) are noncoding RNAs, about 21 nucleotides in length, that inhibit gene expression at the posttranscriptional level by base-pairing to sequences in the 3 0 untranslated region (UTR) of target mRNAs. Such miRNAs modulate the expression of target genes at multiple levels including deadenylation and degradation of mRNA and reducing the rate of translation initiation. Two recent papers reveal that miRNAs can also repress gene expression after initiation of mRNA translation by interfering with polypeptide accumulation from actively translating ribosomes (Maroney et al., 2006; Nottrott et al., 2006) .
Our understanding of gene regulation by miRNAs is largely derived from studies of specific miRNA-mRNA target pairs. To obtain a broader perspective, Maroney et al. (2006) examined three abundant miRNAs (mir-21, mir-16, and let-7a) in HeLa cell extracts and found that they seemed to act downstream of translation initiation. To determine if miRNAs impair protein synthesis by stalling ribosomes during translation elongation, the translational status of mRNAs associated with miRNAs was assessed. Interfering with translation initiation or elongation shifted both miRNAs and mRNAs to lighter polyribosome fractions on sucrose density gradients, suggesting that miRNAs do not stall ribosomes on their mRNA targets but are associated with mRNAs undergoing active translation.
In a complementary study, Nottrott et al. (2006) examined gene regulation by the 3 0 UTR of the worm lin-41gene in HeLa cells. The lin-41 3 0 UTR contains two conserved sites for binding of the let-7a miRNA. Endogenous human let-7a miRNA repressed translation of a reporter gene containing the lin-41 3 0 UTR in HeLa cells. Consistent with the Maroney et al. study, the repressed lin-41 reporter mRNA and the let-7a miRNA cosedimented with polyribosomes in sucrose gradients. Again, disrupting continued initiation or elongation caused the reporter mRNA to shift to the top of the sucrose gradient, reflecting the dissociation of actively translating ribosomes from the miRNA-regulated mRNA. Nottrott et al. wondered why almost no protein was produced. Perhaps, they reasoned, the newly formed polypeptides emerging from the ribosomes translating these mRNAs might be marked for rapid degradation. By expressing wild-type or lin-41 reporter mRNAs encoding amino-terminal Myc epitope tags, they showed that wildtype but not lin-41 reporter mRNA could be immunoprecipitated with an antibody against Myc. Thus, the protein encoded by an mRNA under let-7a miRNA control is either rapidly degraded as it emerges from the ribosome or is ''masked'' by factors that mark the complete protein for degradation. But proteasome inhibitors had no effect on the expression of lin-41 reporter mRNAs, suggesting that co-or posttranslational degradation is not mediated by this proteolytic complex. Identification of the proteins associated with miRNAs bound to their target mRNAs will shed new light on how they repress target gene expression. P. A. Maroney et al. (2006) 
IRES at High Res
In eukaryotes, the initiation of translation usually requires a modified nucleotide cap on the 5 0 end of the mRNA, which is recognized by initiation factors that recruit the small ribosomal subunit (40S). An internal ribosome entry site (IRES) eliminates the need for the 5 0 cap and enables translation initiation to take place downstream of an open reading frame. Numerous IRES motifs have been found in viruses and in the mRNAs of eukaryotic cells, but little is known about how IRESs recruit ribosomes and initiate translation. The recent structural descriptions of two viral IRESs suggest that regions of stability and flexibility cooperate to engage and manipulate the ribosome for translation initiation (Schü ler et al., 2006; Pfingsten et al., 2006) .
IRESs from the intergenic region of Dicistroviridae viruses are an ideal model system for understanding the minimal prerequisite for translation initiation because they do not require any of the protein factors necessary for 5 The ribosome-binding domain of these IRESs consists of two regions that fold independently: region 2 contacts the 40S subunit and region 1 contacts the 60S subunit. In the crystal structure, region 2 adopts a stable prefolded recognition surface for the 40S subunit. Two stem loops, previously implicated by genetic and biochemical experiments to contact the 40S subunit, interact with the small ribosomal protein S5 (rpS5). This IRES-rpS5 contact is emerging as a conserved feature in IRES translation initiation. Pfingsten et al. postulate that L1.1-a flexible disordered loop in region 1-may be stabilized upon binding to the large subunit, and Schü ler et al. show that L1.1 interacts with the L1 stalk and ribosomal RNA of this subunit. By mutating L1.1, Pfingsten et al. show the importance of this loop in recruitment of the 60S ribosomal subunit. Perhaps IRESs present a preformed surface for 40S recruitment and a flexible region that is modulated by association with the 60S subunit. These two new IRES structures should facilitate further investigation into the dynamic process of RNA-based translation initiation. J.S. Pfingsten et al. (2006) . Science 314, 1450 -1454 . Published online November 23, 2006 . 10.1126 /science. 1133281. M. Schuler et al. (2006 . Nat. Struct. Mol. Biol. 13, 1092 -1096 . Published online November 19, 2006 . 10.1038 
